Abstract
Introduction
The first 2 years of life is a critical period of rapid growth and brain development. During this period, nutrition and environmental factors play important roles in growth and cognitive development of children [1] . Early cognitive development is related to the development of memory and social skills, language acquisition, logical reasoning, planning, and problem-solving [2] . Child cognitive development is influenced by genetic and environmental factors which interact in complex ways to determine how the brain develops and functions [3] . The child has a genetically determined potential for cognitive development.
However environmental factors, such as prenatal and postnatal maternal and infant wellbeing [4] , [5] , nutritional factors as adequate breastfeeding and complementary feeding [6] , socioeconomic conditions and the parents' ability to create a good and stimulating home environment may also have a positive influence on the child's cognitive development [7] . Factors such as malnutrition, micronutrient deficiency, poverty-related health problems, home environment, parenting practices, and living in poor neighbourhoods with high levels of crime and unemployment are all factors that may impact brain development in children and therefore influence the possibility of education [8] . The effects of undernutrition may begin before the child is born [9] .
Undernourished pregnant women are more likely to give birth to underweight babies who are generally more at risk. Disruption of normal development can result in dysregulation of neural systems during vulnerable periods of brain development, leading to pronounced neurocognitive deficits, delays in the development of IQ, language, social-emotional functioning, poor academic achievement and poor productivity in adulthood [10] . Neurocognitive assessment is crucial for early detection of developmental disorders, especially in the first years of life, subsequently enabling optimising the design of intervention strategies that respond to individual needs [11] . In developing countries, diminished data represents a big challenge for choosing the most appropriate cost-effective intervention procedure. Research in the area of early child development is highly needed to detect modifiable risk factors and direct intervention efforts.
The objective of this study is to inspect potential risk factors that affect an infant's cognitive development in the first two years of life in a sample of Egyptian infants.
Material and Methods
Study design: A cross-sectional comparative study of Egyptian infants in the first two years of life. They were classified according to their performance on the cognitive domain of Bayley Scales of Infant and Toddler Development (Bayley-III) into two categories: infants having below the average composite score and infants having average and above average score. Potential risk factors that might impair the cognitive performance of these infants were studied.
Inclusion criteria
Infants were enrolled if they were over 1 month and not more than 24 months of age, belonging to the middle socioeconomic class and their caregivers consented to participate in the study.
Exclusion criteria
Infants were excluded if they demonstrated any obvious congenital anomalies, features of genetic diseases, or had a history of any metabolic or physical problems which may affect their cognitive development.
Study setting
Infants were recruited from Developmental and Behavioral paediatrics Clinic at the National Research Centre, and Pediatric Nutrition Clinic of Ain Shams University in the period from September 2016 to September 2018.
Sample Size Calculations
We are planning a study of independent cases and controls with 2 control(s) per case. Prior data indicate that the probability of exposure among controls is 0.26. If the true odds ratio for disease in exposed subjects relative to unexposed subjects is 1.8, we will need to study 190 patients and 380 controls to be able to reject the null hypothesis that this odds ratio equals 1 with probability (power) 0.85. The Type I error probability associated with this test of this null hypothesis is 0.05. We will use a continuitycorrected chi-squared statistic or Fisher's exact test to evaluate this null hypothesis.
Two hundred fifty-two infants with below average cognitive composite score were recruited as cases and 403 infants with average and above average cognitive composite score as controls [12] .
Methods
Socio-demographic assessment: Special questionnaire was designed for this study, which included questions about maternal age, maternal and paternal education and occupation, marital status, family income and order of childbirth [13] .
Assessment of maternal and prenatal history: including parity, history of chronic diseases as hypertension, diabetes or hypothyroidism, diseases acquired during pregnancy as gestational diabetes or preeclampsia, gestational age of the infant, mode of delivery, postnatal problems as cyanosis, jaundice or convulsions and whether the infant was admitted to NICU or not.
Thorough physical examination and anthropometric measurements of weight and height: All measurements were made according to techniques described in the Anthropometric Standardization Reference Manual [14] . Weight-for-age z scores (WAZ), height-for-age z-scores (HAZ) and Body mass index-for age z-score for all children were calculated based on the WHO growth standards [15] with the help of Anthro-Program of PC.
Infant Feeding Practices in the first six months of life: was assessed to identify infants who were predominately breastfed, artificially-fed (who were consuming other milk including infant formula, fresh, tinned, and powdered milk from cows or other animals or mixed fed (artificial plus breast milk). The time of introduction of complementary feeding was recorded whether before or after the sixth month of age.
Cognitive ability assessment: Using the Bayley Scales of Infant and Toddler Development (Bayley-III). These scales were developed by Nancy https://www.id-press.eu/mjms/index Bayley (16) to assess the development of infants and toddlers between the age range of 1 month to 42 months. Bayley-III consists of 5 subscales, i.e. Cognitive Scale, Language Scale (Receptive Communication and Expressive Communication), Motor Scale (Fine Motor and Gross Motor), SocialEmotional Scale and Adaptive Behavior Scale. In this study, only the cognitive domain is being measured. The Cognitive Scale includes items that assess sensorimotor development, exploration and manipulation, object relatedness, concept formation, memory, and other aspects of cognitive processing. The test is administered according to the infant's agespecific start point. Each correct response is given a score of 1, and the total raw score is then converted into its composite score.
Biochemical assessment: Serum Fe, Zn and Cu concentrations were measured using an atomic absorption flame emission spectrophotometer [17] , [18] . Serum vitamin B12 was assessed using the Bayer Centaur chemiluminescence method. Complete blood count was performed by an automated cell counter. Haemoglobin concentration < 11 g/dl, was used as a cutoff point for the diagnosis of anaemia [19] . It was considered that iron deficiency existed when serum Iron < 45 ug/dL [20] . Other nutritional deficiencies, were assessed according to the following cutoff values; vitamin B12 < 203 pg/mL, (21) Zinc < 65 ug/dL [22] and Copper < 63.7 ug/dL [23] .
Ethical Considerations
The study complies with the International Ethical Guidelines for Biomedical Research Involving Human Subjects [24] . The Research and Ethical Committee of NRC cleared the study protocol. The number of ethical approvals was 11020.
Informed Consent
It was obtained from the parents enrolled in the study Confidentiality: Mothers and children were identified by a serial number, and the information at the individual level was kept strictly confidential.
Results
In this study, 655 male and female infants were recruited. Forty-four per cent were males. Their age ranged from 3 to 24 months, with a mean of 14.7 ± 6 months. Anthropometric measurements revealed that the majority of infants were of normal weight for their age (91%), normal height (88%) and normal weight for height (91%)( Table 1 ). The mean cognitive composite score was 80.32 ± 12.48. The infants were classified according to their cognitive composite scores into 2 categories: Below average group whose score was less than 85, and average and above average group whose score was 85 or above (Table  1) . It was found that the risk of having below average cognitive composite score was significantly associated with the father's income. In infants belonging to lower-middle-income families, the risk was 1.64 times higher than infants belonging to uppermiddle-income families (OR = 1.64), and the P value was < 0.01). Being a low educated mother carried a highly significant risk (P < 0.001) of having a below average infant 2.01 times more than a highly educated mother (OR = 2.01). Other social variables as maternal age, maternal occupation and child order of birth looked to not influence cognitive development of this sample (Table2). As regards perinatal medical circumstances presented in Table 3 , preterm infants were more at risk of having below average cognitive composite score OR = 1.22, p-value = 0.005. Infants born by cesarean section were 1.26 times at risk of having below average cognitive composite score than vaginally born infant although this data didn't reach statistically significant ratio p = 0.15. Complicated labour had a highly significant effect on cognitive composite score outcome as infants who experienced delivery problems were twice at risk of having below average cognitive composite score OR = 2.39, p-value 0.0001. As regards chronic maternal illness before and during pregnancy didn't appear to have a significant effect on the infant cognitive composite score outcome in the current study. As shown in Table 4 , The risk of having below average cognitive composite score in bottle-fed infants was near twice times higher than breastfed infants (p < 0.001, OR = 1.79). At the same occasion, bottle-fed infants had the probability of getting below average cognitive composite score 1.70 times greater than mixed fed infants with a significant P-value < 0.05.
Time of introduction of complementary food could not be considered as a predictor of the cognitive composite score. Starting CF before six months seemed to carry a risk of getting below the average cognitive composite score (OR = 1.12). However, the P value was not significant (P > 0.05). A subsample of 193 infants was investigated for some micronutrient's serum levels (Iron, copper, zinc and vitamin B 12 ) and anaemia is owing to their association with cognitive development. It was found that none of the examined infants has subnormal levels of serum iron or serum copper, while 17 infants had subnormal zinc level, 9 had subnormal vitamin B12 level, and 89 infants were anaemic. As shown in Table 5 , there are significantly lower levels of serum zinc and serum vitamin B12 in infants with below average cognitive composite score if compared with their peers with average and above average scores. Figures 1a, 1b, and 1c show that as being anaemic; having subnormal serum level of serum zinc, or subnormal serum level of vitamin B12 appeared to carry a non-significant risk for cognitive development in the studied sample (P was > 0.05 for each factor). It has been found that 33.7% of infants who were anaemic had a below average cognitive composite score on Bayley III scales (OR = 1.262), P > 0.05); 47.1% of infants having subnormal serum level of zinc had a below average cognitive composite score (OR = 2.24 (0.74-6.79), P > 0.05). Also, about 44.4% of infants having subnormal serum level of vitamin B12 had a below average cognitive composite score (OR = 1.91), P > 0.05).
In this study, logistic regression analysis (Table 6 ) revealed the multifactorial interaction between infant feeding variables, socio-economic variables, maternal and perinatal health variables in predicting the cognitive developmental outcome. Complicated labour, prematurity and low educated mothers were highly significant predictors of below average cognitive development. Mode of feeding in the 1st six months was an important predictor for infant cognitive development. Father's occupation, as the main source of household income, appeared as an influential variable for cognitive development. 
Discussion
Breastfeeding initiation and duration are the points of concern for many researchers due to its relation and influence on early growth and development, especially cognitive and brain development.
Breastfeeding could benefit development through nutrients in breast milk, especially essential fatty acids, reduced infant morbidity, or closer mother-child relations as it was found that there are improvements in motor development with longer duration of exclusive breastfeeding and that early introduction of supplementary bottle feeding was associated with poorer motor and cognitive function [25] .
The first years of life constitute a critical period of rapid personal change, and the events of this phase prepare the child for subsequent developmental competency [26] In the current study, infants were classified according to the cognitive composite score cutoff point [85] into 2 groups (Below average group and average and above average group). The risk of having below average cognitive composite score was significantly associated with low father's income and low maternal education. Other social variables as maternal age, maternal occupation and child order of birth had no association with a cognitive composite score of these infants; this is in agreement with Andrade & Shaffer et al., who found that family income, maternal education and socioeconomic factors indirectly affect children's early cognitive development. The lower the maternal schooling and family income, the poorer the psychosocial stimulation, as children are deprived of play materials and school stimulation, negatively affecting their cognitive development. The study findings corroborate those described in the literature, indicating that maternal schooling affects children cognitive development using environmental organisation, parental expectations and practices, provision of materials for child's cognitive stimulation, and variety in daily stimulation [27] , [28] . As regards perinatal medical circumstances, preterm infants were more at risk of having below average cognitive composite score, this finding may be contributed to a lack of breastfeeding in preterm infants due to admission in incubator and some preterm infants are not physically or developmentally able to suckle, swallow and breathe in a coordinated manner this is in agreement with Kandeel et al., who found that mothers with a preterm newborn had a higher tendency toward artificial feeding than exclusive breastfeeding [29] . Infants born by cesarean section were at risk of having below average cognitive composite score than vaginally born infant although, this result is in agreement with Cain Polidano et al., who found through a longitudinal study that Cesarean birth may be directly and indirectly associated with negative child cognitive outcomes [30] , cesarean procedures also poses postnatal maternal health risks [31] also there is potential knock-on effects for the child's development through altered mother-child interactions [32] and lower rates of breastfeeding and its beneficial effects on early stage of brain development [33] .
Complicated labour had a highly significant effect on cognitive composite score outcome as infants who experienced delivery problems were twice at risk of having below average cognitive composite score this result is in agreement with Pappas et al., who found that moderate to severe neonatal encephalopathy resulting from complicated labour contributes to a wide range of neurodevelopmental and cognitive impairments among survivors [34] . As regards chronic maternal illness before and during pregnancy didn't appear to have a significant effect on the infant cognitive composite score outcome in the current study which disagrees with Thach et al., who found that child cognitive development is affected by antenatal iron deficiency anaemia and common mental problems [35] . The risk of having below average cognitive composite score in bottle-fed infants was near twice times higher than breastfed infants. At the same occasion, bottle-fed infants had the probability to get below average cognitive composite score 1.70 time greater than mixed fed infants , this result support and explain the importance of breastfeeding and also exclusive breastfeeding in the first 6 months of life the period of early brain development and agreed with James W Anderson et al., who found through a meta-analysis study that breastfeeding was associated with significantly higher scores for cognitive development than was formula feeding [36] .
Time of introduction of complementary food could not be considered as a predictor of the cognitive composite score in this study. Starting CF before six months seemed to carry a non-significant risk of getting below the average cognitive composite score. This result is with an agreement with Sargoor et al., who found that there is no relation between age of introduction of complementary foods, and cognitive function [37] . We found that there were significantly lower levels of serum zinc and vitamin B12 in infants with below average cognitive composite score; it is believed that zinc is a vital nutrient for the brain. It has an important role in neurogenesis, maturation, migration of neurons and synapse formation [38] . Deficits in vitamin B12 (cobalamin) have negative consequences on the developing brain during infancy. Maureen et al. examined two mechanisms linking folate and vitamin B12 deficiency to abnormal behaviour and development in infants: disruptions to myelination and inflammatory processes [39] . In the current study, logistic regression analysis revealed the multifactorial interaction between infant feeding variables, socio-economic variables, maternal and perinatal health variables in predicting the cognitive developmental outcome. Complicated labour, prematurity and low educated mothers were highly significant predictors of below average cognitive development. Mode of feeding in the 1st six months was an important predictor for infant cognitive development as a nutritive value of breastfeeding in this period is essential for brain development. These results are in agreement with that of Metwally et al., who found that incorporative variables affected the infant social-emotional development. Breastfeeding, the level of maternal education and micronutrient sufficiency were the most important predictors of the infant mental health [40] .
There may be some possible limitations in this study: Cross-sectional design is commonly preferred owing to its reasonable cost and feasibility. However, it cannot support a causal relationship. All participants in the current study were confined to the middle social class, as the majority of attendants of our clinic. Infants of low and high social classes were not included, which may constrain the generalisation of results. Time was a constraint, preventing the detailed recording of complementary feeding quality and parenting behaviour, which may reveal important influences on cognitive development.
In conclusion, multiple factors appear to interact, affecting the early cognitive development of Egyptian infants. Prematurity, complicated labour, poor maternal education, low family income and micronutrient deficiency are the main risk factors. Studying these factors is of great value in directing governmental intervention efforts. Providing good antenatal and natal care for all pregnant mothers especially poor ones, attention towards woman education, raising awareness about the importance of breastfeeding and providing adequate health care services for children will promote cognitive development in Egyptian children.
